abstract lavadinović V., isajev V., rakonjac l., popović V., lučić a.: douglas-fir provenance phenology observations.
early bud burst with the probability of significant damage from spring frost (Sakai, larcher, 1987; hannerz, 1999) . changes in microclimate around plants or prevailing landscape climate (ipcc, 2001) will alter that balance within and among species (Murray et al., 1989; hänninen, 1995; guak et al., 1998) .
institute of forestry has set up several experiment plots in Serbia of different provenances of douglas fir from the original seed from the part of species natural area. Ever since then, the douglas-fir has been the subject of permanent research in Serbia.
during the years of research, the following have been studied: percentage survival of young plants, content of essential oils in the needles, height increment, comparison of diameter and height, anatomical analysis of wood and needles, physiological research and phenological bud-opening observations (teševič et al., 2009; lavadinović et al., 2010, 2011a,b) . douglas fir being the most promising introduced species in Europe, a decision has been made to set up the experimental test of douglas fir in the environmental conditions of Serbia. douglas fir (Pseudotsuga menziesii, Mirb/franco) is also known as douglas-fir, yellow or red spruce, oregon pine, Black fir, British columbia douglas-fir, British columbia pine, canadian douglas-fir, coast douglas-fir, colorado douglas-fir, colorado pino real, columbian pine, gray douglas, green douglas, douglas pine, douglas spruce, Montana fir, oregon douglas-fir, oregon fir, red pine, rocky Mountain douglas-fir, oregon spruce, pacific coast, douglasia azzurra, douglasia glauca, golden rod fir, etc. Successful potential growth and wood quality and wide distribution throughout the western united States and canada made the species as the most introduced in the world forestry.
commercially, the tree is one of the world's most important and valuable timber trees and historically it was used by Westerners for telephone poles and railway ties among many other uses. This species grows rapidly. douglas fir is the largest and tallest member of the pine family. living trees have been documented to be up to 485 cm in diameter, up to 99.4 m tall and with volumes up to 349 m 3 . douglas fir is equally interesting for timber industry, forestry, landscape architecture, medical and cosmetic industries and the most popular is as a commercial production for christmas tree. hence being productive, commercially useful and widely popular and marketable, the douglas fir is considered to be one of the most valuable conifers. Because of all these positive attributes, douglas fir is a permanent subject of many researches and studies. The entire range includes central california, western oregon and Washington, parts of the rockies and extends north to alaska. it grows under a wide variety of environments from extremely dry, low elevation sites to moist sites.
Such a wide natural range of the species, to selecting the right provenance for the new environmental conditions during the process of introduction. late spring frosts and early fall frosts can damage plants provenance, which cannot adapt well, and are closely related to the adaptation, survival, tree height growth and productivity. The aim of this study is to continue the follow-up of the process of opening buds of douglas-fir provenance originating from canada in the experimental plots in Serbia.
material and methods
'phainestai' , the ancient greek word meaning to show or to appear, is found in many modern language words reflecting the original. The task of plant phenology is to observe and record the periodically recurring growth stages and to study the regularities and dependency of the yearly cycles of development on environmental conditions (defila, clot, 2001) . plant development and thus phenological phases show great inter-annual variability and also large spatial differences. individual (genes and age) and environmental factors (weather and climate conditions in the micro-and macro-scale, soil conditions, water supply, diseases, competition, etc.) influence plants (koch et al., 1992) .
The experimental plots were established from the plants produced in the forestry institute nursery. The starting material was the original douglas-fir seeds of 14 provenances from British columbia in canada. table 1 shows the geographical characteristics of tested provenances. phenological observations of bud break were performed twice a week. to be able to apply the statistical data processing, the dates were calculated in days from the beginning of the calendar year. The analysis of data was based on the methods of analysis of variance, regression and correlation. t a b l e 1. geographical co-ordinates of the tested douglas-fir provenances and phenological data. results differences in phenological observations in the reference period did not have a drastic change in the data because the weather conditions were almost uniform. There were no temperature extremes in spring, such as for any of the previous years, where there was significant damage of the plants.
The main statistical parameters of the variables applied in the study are presented in table 2. to be able to analyse the dependence of bud-break time of provenances on their geographical characteristics, the matrix of coefficients of simple linear correlation is presented in table 3. The most significant for the research are the correlations of the variables whose coefficients of correlation are highlighted, i.e. the correlations of geographical characteristics and time of bud break. as can be seen from table 3, the significant effect on the time of bud break is shown only by the provenance altitude. The coefficients of correlation between altitude and time of bud break, in all the three study years, not only show strong correlation between these two variables (r in all the four study years, the provenances from higher altitudes have later times of bud break. time of bud break shows weak correlation with the provenance latitude and longitude. Similar research carried out with douglas-fir provenances originating from the more southern parts -the united States of america -shows different results (lavadinović et, al., 2004) .in this respect, we developed the models of correlation of bud-break time and the provenance altitude in three study years: (1), (2), (3) and (4), the regression coefficients and regression in general are statistically significant. in each of the following years the study results were inferior. This could possibly be explained by the gradual adaptation of individuals to local climate effects, i.e. by gradual decrease of the effect of the provenance altitude. Still, this thesis should be confirmed only by further multi-annual research.
The interdependence of the time of bud break in three different study years, i.e. their correlation coefficients which also all show a very high correlation and high significance, confirm the thesis on the different time of bud break by different provenances: although there are differences in time of bud break of individual provenances in three different years, which is the consequence of different meteorological conditions in the three study years, their strong correlation actually shows that some provenances have earlier or later bud-break times irrespective of the year (meteorological conditions).
The differences in average time of bud break in three study years are shown by the results of the analysis of variance presented in 
Conclusion
Seed transfer and provenance selection must be made on the basis of analysis and variations of all characteristics of introduced species. phenology is an important integrative parameter to assess the impact of climate change on ecosystems.
The information on phenological characteristics is most important for the introduced species because, douglas fir being a frost-tender species can often suffer from late spring frost damage. in this context, the phenological observations were started in the experimental plots in Serbia of different provenances of douglas fir, and the following can be concluded based on the previous years' observations: • The provenances which were ecologically better adapted were singled out, which confirmed the justification of provenance tests. This should be confirmed by a more detailed research which should include also the analysis of climate characteristics during the study year.
• phenological observation phase of the buds opening will continue in subsequent years.
